A series of chalcones, a flavone and one flavanone were synthesized and elucidated structurally by IR and 1 H NMR spectroscopies. The synthetic compounds were then screened for acetylcholinesterase inhibitory activity using thin layer chromatography (TLC) and microplate assays. In the TLC assay, only 2′-hydroxy-4-methoxychalcone and 2′-hydroxy-4′-O-prenyl-2,6-dichlorochalcone were found to show moderate and weak activity respectively against acetylcholinesterase (AchE) at 0.1 mM concentration compared to the control galanthamine. 4′-Hydroxy-2,6-dichlorochalcone, 2′-hydroxy-4-nitrochalcone, 2′-hydroxy-4-(dimethyl)aminochalcone and 2′-hydroxy-4-methoxychalcone showed moderate AchE inhibitory activity with percentage inhibition of 54.24, 46.14 and 49.32 % respectively in the microplate assay.
1.0 INTRODUCTION
Flavonoids are polyphenolic compounds that are abundant in nature and over 8,150 flavonoids have been identified thus far [1] . Scientific studies involving pharmaceutical drug potencies of flavonoids are extensively examined in the past several years and are increasing [2] . Recent studies show that flavonoids possess antimicrobial, antioxidant, antimalarial, cytotoxic, antidepressant, anti-inflammatory, anti HIV and anticancer activities [2] [3] [4] [5] [6] [7] [8] .
Chalcones are considered as the precursors of various flavonoids and isoflavonoids as well as many biologically important heterocycles such as 1,4-diketones and pyrazolines. The presence of a reactive α,β-unsaturated carbonyl group in chalcones is found to be responsible for their antimicrobial activity, which may be altered depending on the type and position of the substituent(s) on the aromatic rings [9] . Alzheimer's disease is considered a progressive neurological disorder that is leading to memory and behavioral disorders [10] . For the treatment of Alzheimer's disease, inhibition of the acetylcholinesterase, which is responsible for the hydrolysis of acetylcholine, is the most effective approach. Herein, we report the synthesis of known chalcones, a flavone and flavanone and their acetylcholinesterase inhibitory activities. This is the first report of the acetylcholinesterase inhibitory of the targeted compounds.
2.0 EXPERIMENTAL

Measurements
The melting points of the synthesized compounds were measured and recorded using Leica Galen III Kofler micro melting points apparatus and were uncorrected. The 1 H (400 MHz) NMR experiments were recorded on a Bruker Avance spectrometer with CDCl3 as the solvent. The Infrared (IR) spectra were recorded on Perkin Elmer 1650 FTIR spectrophotometer as thin film for liquid
and KBr pellet for solid samples. The reaction pathway is summarized in Scheme 1.
Synthesis
General Procedure for the Preparation of Chalcones
A mixture of acetophenone (0.01 mole) and benzaldehyde (0.01 mole) was stirred in ethanol. Sodium hydroxide solution (50 %) was added until highly turbid solution was obtained. The mixture was kept overnight at room temperature it was then poured into crushed ice and neutralized with dilute hydrochloric acid (10 %). The precipitate was washed with EtOH and purified by recrystallization and chromatographic technique [11] .
General Procedure for the Preparation of Flavone
A mixture of chalcone (0.01 mole) and I2 (0.0078 mmole) in DMSO (6 ml) was refluxed for 45 min and monitored using TLC. Water was added to the mixture and extracted with EtOAc. The organic extract was then washed with saturated NaS2O3 solution followed by water and brine. It was dried over anhydrous MgSO4, filtered and evaporated under reduced pressure. The resulting solid was then recrystallized from EtOH [12] .
General Procedure for the Preparation of Flavanone
A mixture of chalcone (0.01 mole), MeOH (30 ml) and 10% HCl (5 ml) were refluxed for 60 min. NaOAc (0.5 g) was added to the mixture and further refluxed for 48 hrs. The progress of the reaction was monitored by TLC. Water was added and the organic layer was extracted with EtOAc, dried using anhydrous MgSO4, filtered and evaporated under reduced pressure. The residual yellow oil was purified using silica gel column chromatography to afford flavanone [13] . 
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Preparation of Reagents
The buffers used in the analysis were; A: 50 mM tris-hydrochloride (pH 8), B: buffer A containing 0.1% bovin serum albumin (BSA) and C: buffer A containing 0.1 M NaCl and 0.02 M MgCl2 .6H2O. Acetylcholinesterase from electric eel was purchased from Sigma. The enzyme was dissolved in buffer A to produce a stock solution of 1000 units/ml, and diluted with buffer A to 3 units/ml for TLC assay or to 0.22 units/ml for microplate assay [20, 21] . Acetylthiocholine iodide (ATCI) and 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) were purchased from Sigma Aldrich and were used at concentration of 1 mM in buffer A for TLC assay and at 3 mM for microplate assay.
TLC Assay
The enzyme inhibitory activities of the samples on the TLC plates were detected by spraying the substrate with the dye and enzyme following Ellman's method [20] . Aliquots (10 µl each) of various concentrations of the samples (0.1-100 mM in methanol) were applied to the TLC plates. The plates was then sprayed with DTNB/ATCI reagent (1 mM DTNB and 1 mM ATCI in buffer A) until the layer was saturated with the solvent. The plate was then allowed to dry for 5 min after which the enzyme solution was sprayed on the plates. A white spot appeared to show the inhibition after 10 min. The white spot was quickly observed and recorded as it disappeared within 15 min. The results were then compared to that of galanthamine which was used as a reference.
Microplate Assay
The microplate assay was also performed for AchE inhibitory activities. The AchE inhibitory activities were determined by a 96-well microplate reader using acetylthiocholine as a substrate as described in Ellman's method [16, 17, 20, 21] . In the 96-well plates, 25 µl of 15 mM ATCI in water, 125 µl of 3 mM DTNB in buffer C, 50 µl of buffer B and 25 µl of sample (0.1 and 1 mM in MeOH) were added and the absorbance was measured at 405 nm 10 times every 47 s. After adding a solution of 0.22 units/ml of enzyme, the absorbance was read again 10 times every 47 s. The absorbance was measured using Epoch Biotekmicroplate reader. Percentage inhibition was calculated by comparing the absorbance rates for the sample to the blank (MeOH). Galanthamine was used as the positive control. The mean of two measurements for each concentration was determined.
3.0 RESULTS AND DISCUSSION
Chemistry
The synthetic approach of the target compounds is illustrated in Scheme 1. A high concentration of NaOH was used for the ClaisenSchmidt condensation reaction of acetophenone and benzaldehyde derivatives [11] . Chalcones were obtained by neutralization of the reaction mixture followed by washing with ethanol and chromatographic purification. In the synthesis of flavone, the respective chalcone was subjected to oxidative cyclisation using I2 in DMSO. Flavanone was synthesized by treating the chalcone with NaOAc in the presence of methanolic HCl [13] . The structures of compounds (1-9) were ascertained by spectral analysis (IR and NMR) and identical to the earlier reported compounds [6, 9, [15] [16] [17] [18] [19] . Table 1 summarized the percentage yield and the physical properties of the synthesized compounds. Compound 1 displayed the highest percentage yield (87.4%) followed by 5 (76%), 4 (75.1%), 7 (74.5%), 3 (65.9%), 2 (62.1%) and 6 (61.8%). The IR spectrum of 2′-hydroxy-4-chlorochalcone 3 showed broad stretching band at 3446 cm -1 attributed to chelated O-H. The presence of a strong stretching absorption at 1639 cm -1 proved the existence of C=O. Conjugation of the carbonyl group with α,β-unsaturated double bond resulted in a shift of the normal stretching band to a frequency 1579 cm -1 which leads to increasing the single bond character. The C=C aromatic stretching was observed at 1564 cm -1 and 1487 cm Moreover, the aromatic protons of ring B were resonated at δ 7.45 (2H, d, J=8.0 Hz) and 7.63 (2H, d, J=8.0Hz) which were attributed to H-3 and H-5, H-2 and H-6 respectively thus confirming the structure of the targeted compound 3. The IR and 1 H NMR data of compound 3 were identical with similar compound reported by Kamboj et al. [14] . Thus compound 3 was characterized as 2'-hydroxy-4-chlorochalcone.
Ache Inhibitory Activity
There is no studies on AchE inhibitory reported against the synthesized compounds. The AchE inhibitory mechanism was initiated by the hydrolysis of acetylthiocholine (ATCI) with AchE to form thiocholine. The thiocholine reacted with the Ellman's reagent (DTNB) to produce 2-nitrobenzoic-5-mercaptorthiocholine and a yellow colour 5-thio-2-nitrobenzoic acid which may be detected at 405 nm. In the TLC assay, compound 6 and 7 appeared as white spots at various concentrations when sprayed with solution of AchE (Figure 1) . The remaining compounds did not show any white spots which indicated to be inactive. The detection limits of the compounds were higher (0.1 mM) than that of galanthamine (1.0 mM) and the overall results are shown in Table 2 . The microplate analysis was carried out to confirm the results of AchE inhibition by TLC method. Addition of samples and control inhibited the action of AchE against formation of thiocholine. Compound 1 was found to have the highest activity in both concentrations (1.0 and 0.1 mM) compared to 4, 5 and 6. The remaining compounds displayed very weak or no AchE inhibitory activity as tabulated in Table 3 . The activity shown by compound 4 might be due to the presence of highly electron withdrawing group (-NO2) at the para-position of ring B as suggested by Yoon et al., [22] in the cholinesterase inhibitors of benzimidazole derivatives. 
4.0 CONCLUSION
In the present work, a flavone, flavanone and a series of chalcones were successfully synthesized and characterized by spectral studies. The synthesized compounds were evaluated for their acetylcholinesterase inhibition activity which has not been reported yet. 2′-Hydroxy-4′-O-prenyl-2,6-dichlorochalcone 7 displayed a very weak activity against the acetylcholinesterase with a higher detection limit 0.1 mM than the standard control (galanthamine). Moreover, 4′-hydroxy-2,6-dichlorochalcone 1, 2′-hydroxy-4-nitrochalcone 4, 2′-hydroxy-4-(dimethyl)aminochalcone 5 and 2′-hydroxy-4-methoxychalcone 6 showed moderate AchE inhibitory activity with higher percentage inhibition of 54.24, 46.14 and 49.32 % respectively in the microplate assay.
